A computer model of "modulated sinus parasystole" was devised in which two sinus pacemakers interacted electrotonically, entraining each other's periodicity according to their beat-tobeat phasic relationships. Depending on the preestablished rules, the model gave rise to various rhythm patterns that were similar to those recorded in patients with sinoatrial arrhythmias. The validity of the model in predicting clinically observed rhythm disturbances was tested in a case of sinoatrial extrasystolic activity. The sinoatrial origin of parasystolic discharges giving rise to various patterns of group beating in this case was diagnosed according to the following electrocardiographic criteria: (1) premature P waves having contour identical to P waves of basic beats, (2) variable coupling intervals, and (3) absence of compensatory pauses (i.e., returning cycles having duration similar to that of the basic P-P interval). For the analysis, it was assumed that two distinct but closely apposed sinoatrial pacemaker centers were competing for activation of the heart. The model accurately simulated the arrhythmias in the electrocardiographic trace. The best fit was found when the two pacemakers interacted on the basis of "resetting" in one direction and electrotonic modulation in the other. In fact, under appropriate conditions, the model matched precisely all frequency-dependent patterns of extrasystolic activity observed in the trace. We conclude that the modulated parasystole hypothesis can readily explain the mechanism of sinus extrasystolic discharges whose returning cycle equals the basic P-P interval. Moreover, the model predicts that, when the rules for mutual entrainment between "dominant" and parasystolic sinus pacemaker are appropriate, the retuming cycle can be shorter than the basic cycle. Circulation 74, No. 5, 945-954, 1986. In 1908, Wenckebach' first suggested that extrasystoles could arise from the sinoatrial region. In the electrocardiogram, such extrasystoles are characterized by premature P waves whose contour is identical to that of P waves associated with normal pacemaker activity, and by the absence of compensatory pauses. After the initial description, only a handful of clinical examples had been published,1 7 until 1967 when Schamroth' published the first case attributed to sinus parasystole. In that case, the ectopic atrial beats differed in contour from the sinus beats, and probably originated outside of the sinoatrial region. Yet the dominant sinoatrial pacemaker showed complete entrance block and, for that reason, the arrhythmia was termed "sinus parasystole."5 The case analyzed here is the first clinical ex-From the Department of Pharmacology, SUNY/Health Science Center, Syracuse, NY, and the Cardiovascular Institute, Michael Reese Hospital, Chicago.
ample presented of sinus extrasystolic activity related to a parasystolic mechanism originating within or very near the sinoatrial node.
An ectopic pacemaker can beat independently only if it is protected in some way from activation by impulses originated in the dominant pacemaker.9' 0 However, it is extremely unlikely that, whatever this protective mechanism may be, it provides a complete insulation barrier; otherwise the protected pacemaker would never manifest itself. Recent experiments2 and computer simulations'2 13 have demonstrated that, under the appropriate conditions of entrance block and exit propagation, the activity originated in a protected pacemaker may indeed be modulated by electrotonic input from its surroundings. Under such conditions, the dynamic interactions of a parasystolic pacemaker with the activity of normal origin may give rise to a wide variety of arrhythmic patterns previously associated with reentrant and other mechanisms. Moreover, a number of recent studies in patients`o support the modulated parasystole hypothesis, and many published examples previously attributed to "pure" (i.e., unmodulated) parasystole, or to parasystole with in-termittencel, have been reinterpreted on the basis of modulation.
The theory of modulated parasystole has been used for the most part to analyze clinical examples of ventricular premature beats (see ref. 17 ). Yet electrotonic modulation can also occur in other types of cardiac oscillators, including abnormal atrial and ventricular pacemakers21' 22 as well as the sinoatrial node itself."-"5 Furthermore, the entrainment behavior of sinus pacemakers in response to brief perturbations from their surroundings is qualitatively the same as that of Purkinje fiber pacemakers.2"2 Hence, it is entirely possible that some clinically encountered sinus arrhythmias may be attributable to the dynamic interactions of two distinct but mutually entrained pacemaker centers, both located within or near the sinoatrial region.
For this study, we have developed a mathematical model of modulated sinus parasystole. Computer programs were run in which two separate pacemakers were allowed to interact on the basis of mutual entrainment (i.e., double parasystole), or with resetting in one direction and modulation in the other. The model resulted in a variety of arrhythmic patterns, and gave rise to several predictions that could be tested directly in the analysis of a previously unpublished case of sinus extrasystolic activity. The predictions of the model could be used also to explain several behavioral characteristics of sinoatrial pacemakers in response to extrasystolic input.
Methods
The electrocardiogram. Electrocardiographic records were obtained from an asymptomatic 77-year-old physician (R. L.) 13 years after an episode of acute myocardial infarction and 1 1 years after coronary bypass surgery. The tracings shown in figures 1 and 2, taken on two different dates, illustrate several basic cycle length-dependent patterns of sinus extrasystolic activity. In all cases, P waves are identical in contour regardless of whether they are premature or occur at normal intervals. In addition, there are no compensatory pauses; in every case, the duration of the postextrasystolic cycle is very similar to the mean basic P-P interval (see figure 4 ), suggesting that the premature beats are probably arising from a site within or very near the sinoatrial region. In figure 1 , obtained in September 1985, the basic P-P interval ranged between 1000 and 1060 msec and, depending on this interval, the extrasystolic pattern alternated between quadrigeminy and pentageminy. The records in figure 2 (lead II) were taken about 2 months later. At this time, the basic P-P intervals were briefer and the extrasystoles reflected a pattern of alternating trigeminy and quadrigeminy (panel A, control). In any case, the extrasystolic rhythm did not follow the classic criteria of parasystole; that is, the interectopic intervals were not exact multiples of a common denominator, and there were no identifiable fusion beats.
The records shown in figure 2 , B and C, were taken 3 min after administration of 0.4 mg sublingual nitroglycerin. The basic P-P interval was abbreviated even further, and the pattern changed reversibly to frank trigeminy (panel B) or to undisturbed regular sinus rhythm (panel C).
The model. Computer simulations were carried out with an Apple lie microcomputer (Apple Computer, Cupertino, CA). The new version of the model is a hybrid based on the modulated parasystole hypothesis10' 11, 13, 17 as well as on our more recent experimental and theoretical results demonstrating phase-resetting and mutual entrainment in the rabbit sinus node.23-25 Hence, for the analysis of the records we have made the following assumptions:
(1) Two distinct but closely apposed pacemaker centers, located somewhere in the upper right atrium, are competing for activation of the heart (figure 3, A).
Vol. 74, No. 5, November 1986 (2) Each pacemaker is capable of spontaneous activity and is sensitive to phasic depolarizations generated by neighboring pacemakers. 24 The effects of such depolarizations on the pacemaker period (cycle) can be described by a phase response curve (PRC), which is a plot of the immediate change in the cycle (ordinate) as a function of the phase (abscissa) at which the depolarization occurs. As shown by the PRCs in figure 3, depolarizations occurring early in the pacemaker cycle can prolong that cycle (panel C) or not alter it at all (panel B). Depolarizations occurring late in the cycle advance the subsequent pacemaker discharge.
(3) The two pacemakers have different intrinsic periodicities but are not totally independent of each other. They interact according to their respective PRCs (figure 3, B and C).
(4) The dominant (i.e., faster) pacemaker center, SNI, although composed of many closely coupled and synchronous pacemaker cells, 2429 is relatively small in its anatomic dimensions (see figure 3 , A) and is surrounded by excitable nonpacemaker tissue. This assumption is important because it provides A, SN1, the "dominant" pacemaker, drives the atrium and can be "reset" by appropriately timed premature beats, according to its PRC. SN2, the parasystolic pacemaker, is protected by "entrance" block (double ring) but can be modulated according to the biphasic PRC on the right. B, Rules of SN1 pacemaker behavior in response to premature SN2 discharges. C, Mutual SN1ISN2 interactions giving rise to atrial premature beats. In both B and C, solid vertical bars represent individual pacemaker or atrial discharges; horizontal bars mark the duration of the atrial refractory period; broken vertical bars represent expected moment of SN1 or SN2 discharge in the absence of modulation; downward vertical arrows indicate atrial activation by SN1 discharges; shaded area represents "latency" for SN1 resetting by SN2 discharges; Tcrossed bars denote blocked beats to and from the SN2 site; curved arrows and respective symbols indicate direction of phase shift resulting from electrotonic influence (black squares, phase delay; black dots, phase advance). 0 the conditions for great asymmetry in the phase response curve of SN1 (figure 3, B; see also refs. 12 and 17). Thus any perturbation occurring at an interval briefer than 40% to 50% of the intrinsic SN1 period should not change significantly the duration of that period. Perturbations occurring later can produce abbreviations of as much as 35%. In other words, although this asymmetric PRC allows for modulation of the SN1 pacemaker (see Discussion), the conditions are also equivalent to those of resetting by a premature discharge, with a "latency" (shaded area in figure 3 , B) that depends on the slope of the acceleration phase of the PRC. Since the slope we chose was always less than 1 (dotted diagonal line), the latency is longest when the perturbation occurs at the peak of the acceleration phase.
(5) In the model, activation of the atrium by an SN1 discharge is immediate (downward arrows in figure 3 , B and C). (6) The parasystolic (i.e., slower) pacemaker center, SN2, is composed of a population of electrically coupled pacemaker cells surrounded by an area of depressed excitability (double ring in figure 3, A). SN1 (and therefore atrial) discharges modulate the activity of SN2 according to a biphasic PRC (figure 3, C). (7) The atrial refractory period (horizontal bars in figure 3 ) is equal to 40% or 50% of the SNi cycle length. Parasystolic (i.e., SN2) discharges occurring during this period are concealed and do not alter the heart rate. Parasystolic discharges occurring at longer intervals advance the subsequent SN1 discharge and thus induce a premature beat whose coupling interval is defined by the timing of SN2 and by the slope of the acceleration phase in the SN, PRC (i.e., the latency in figure 3 , B).
The time required for computations was reduced by calculating all changes in terms of time steps of 20 msec. To minimize 948 the rounding error introduced by this simplification, rounding was done only at the final stage of computing the respective updated pacemaker periods.
Results
Figures 4 to 7 show the results of our analysis. To provide a convenient picture of the arrhythmic patterns, we have plotted in the top panel of figure 4 all successive P-P intervals in leads I, II, and aVF of the electrocardiographic trace taken in September 1985. In the middle panel we have plotted 67 of the beats obtained in the control of November 1985, and in the bottom panel the initial 40 P-P intervals recorded after 0.4 mg of sublingual nitroglycerin. Black squares represent basic sinus beats and black circles represent premature beats. In lead I (top panel), at a mean P-P interval of 1010 msec (range 1000 to 1020), the pattern was one of alternating quadrigeminy (i.e., one premature beat after every third normal beat) and pentageminy (one premature beat after every fourth normal beat); there were no compensatory pauses. When the lead II record was taken, the heart rate had decelerated slightly to a mean P-P interval of 1050 msec, and the pattern became that of stable pentageminy. On the same date, in lead aVF, the P-P interval again acceler- CIRCULATION ated to a mean of 1028 msec (range 1000 to 1040) and the pattern returned to one of alternating quadrigeminy/pentageminy. In the trace taken 2 months later (middle panel), the P-P interval was briefer (mean of 49 beats, 955 msec) and the arrhythmic pattern now alternated between quadrigeminy and trigeminy. Finally, nitroglycerin abbreviated the P-P interval even further (860 msec) during the initial 6 beats of the trace, and there were no premature discharges (bottom panel). However, a transient slowing of the heart rate (P-P interval 920 msec) gave way to trigeminy, with premature beats occurring at progressively briefer intervals (first four black circles in the bottom panel). Yet, as the P-P interval abbreviated again toward 860 msec, coupling intervals gradually prolonged, until premature beats were no longer manifest.
We attempted to simulate these heart rate-dependent patterns with our model by setting the conditions of SNI:SN2 interaction at various levels of electrotonic modulation of the SN2 pacemaker. Several programs were run, each with a different PRC,3' 17 in an effort to match the electrocardiographic trace. The best fit was found when we used a PRC of + 15% ( figure 5, B) , with transition from maximum delay to maximum acceleration at 60% of the intrinsic SN2 (parasystolic) cycle, and phase-resetting of the dominant pacemaker with maximum acceleration of 25% at 40% of the SN1 cycle (see figure 3 , B). In the results from the computer model, we found close matches for the arrhythmic patterns in figure 4 , A, at the intrinsic SN2/SN1 ratios of BEAT NUMBER FIGURE 7. Frequency-dependent arrhythmic patterns obtained when the model was programmed on the basis of a PRC that was identical to that shown in figure 6 . In all panels, SN1 (i.e., atrial) cycle length is plotted for each beat. Black squares, basic SN1 beats; black circles, premature discharges induced by SN2. Numbers on top of each graph are the intrinsic SN2/SN1 ratios, assuming a parasystolic period of 1340 msec. See text for further details.
1.326 and 1.276 for leads I and II, respectively. This means that with a P-P interval of 1010 msec, the intrinsic parasystolic cycle length should be 1340 msec. We then proceeded to construct the PRC of the parasystolic pacemaker ( figure 6 ). We began with a beatby-beat analysis of the September 1985 trace, assuming an intrinsic period of 1340 msec. Figure 5 , taken from that trace during beats 17 through 24 of the lead I record, illustrates our procedure. In panel A, the black arrows pointing upward represent the actual SN2 discharges, whether concealed or manifest; the dotted bars are expected SN2 discharges in the absence of electrotonic modulation; the downward T-crossed bars indicate timing of electrotonic influence and the curved arrows the direction of such influence. Panel B shows the theoretical PRC for the SN2 pacemaker used for the initial simulations, with the three black dots representing the phasic changes that resulted in the quadrigeminal pattern of panel A. Starting after the first premature beat, the subsequent P wave occurred at about 74% of the SN2 cycle and abbreviated it by about 10% (panel B). Hence, the second SN2 discharge was concealed within the refractory period after the preceding P wave. Similarly, in the following cycle, the P wave fell at 62% of the second SN2 period and shortened it by about 15%. Finally, in the third SN2 period, the P wave occurred at about 53.5% and resulted in a 3% prolongation. Consequently, the SN2 discharge occurred late in the SN1 cycle and phase-advanced its subsequent discharge, thus resulting in a premature beat. As shown in panel B, the phasic change induced CIRCULATION JALIFE et al. by the P wave on the third SN2 period fell outside the theoretical curve, which suggested to us that the transition point in the PRC of the parasystolic pacemaker was probably not 60% but somewhere closer to the midpoint in the cycle. Indeed, after analyzing the 48 P-P intervals of leads I and II in this manner, we were able to construct the PRC of figure 6 . Moreover, as shown by the triangles in that figure, when we used precisely the same rules for the analysis of the 67 beats in the control trace of November 1985, except for some relatively minor scatter, all of the parasystolic intervals fell on or very close to the curve. This was very surprising to us, since we did not expect such constancy in records that were taken 2 months apart. Nevertheless, to further test the accuracy of the model, we decided to program the computer on the basis of the new PRC for the SN2 pacemaker, assuming an intrinsic period for SN2 of 1340 msec and a maximum phase advance (i.e., resetting) of 35% for SN1, whenever the ectopic discharge occurs at 50% of its cycle (see figure 3 , B). As figure 7 demonstrates, the model matched the heart rate-dependent arrhythmic patterns quite closely. Indeed, at an intrinsic SN2/SN1 ratio of 1.33, the pattern alternated between quadrigeminy and pentageminy. Decreasing SN2/SN1 to 1.3 (i.e., decelerating the P-P interval to 1030 msec) led to frank pentageminy. These changes reproduce very closely (give or take a 2% difference) those occurring in leads I and II of the September 1985 trace ( figure 4,  A) . On the other hand, increasing the ratio to 1.43 (SN1 = 938 msec, SN2 = 1340 msec) led to a new pattern of alternating trigeminy and quadrigeminy (figure 7, middle panel). Finally, just as in the November 1985 trace after nitroglycerin (figure 4, C), further increasing the ratio to 1.56 (SN1 = 860 msec; SN2 = 1340 msec) led to a "zone of silence." Yet decreasing it gradually to 1.45 yielded a pattern of trigeminy, with premature beats occurring at gradually briefer intervals (figure 7, bottom panel).
Discussion
Our results demonstrate that the modulated parasystole hypothesis can be used to explain the cellular mechanism of clinical examples of sinoatrial extrasystolic discharges. For the analysis of the case presented here (figure 1), it was assumed that two distinctly separate pacemaker centers, both located somewhere near or within the sinoatrial region, interacted dynami- sion of the modulated parasystole model,'3 it was possible to construct from the original electrocardiographic tracings a PRC ( figure 6 ) and to define the beat-to-beat responses of the SN2 (i.e., parasystolic) pacemaker to the electrotonic influence of impulses generated in the faster SN1 (i.e., dominant) pacemaker. Moreover, when the resulting PRC was incorporated into the model to obtain an "inverse solution" of the arrhythmia, the computer results reproduced very accurately all frequency-dependent patterns of extrasystolic activity observed in the electrocardiogram. Sinus parasystolic activity and the PRC. A parasystolic focus capable of generating manifest ectopic beats must be protected by entrance block.9' 1 However, the effective electrical communication that permits the emergence of the ectopic discharges must also allow the rhythmic activity of the surrounding tissues to electrotonically influence the periodicity of the pacemaker.10 11 Such a repetitive modulating influence can force the pacemaker to discharge at periods that may be faster or slower than its own intrinsic cycle and give rise to premature discharges whose patterns depend on the degree of modulation and the basic heart rate.3
Previous experiments have demonstrated electrotonic modulation of pacemaker activity in the mammalian sinus node.2326 28 In fact, the behavior of the sinus node has been equated to that of a nonhomogeneous population of electrically coupled oscillators whose aggregate rhythm depends on a process of reciprocal modulation (i.e., mutual entrainment). Under those circumstances, the action potential generated by a pacemaker cell can act as a phase-resetting signal on its neighbors, and the sensitivity to that signal depends on phase relations between the individual pacemaker discharges. This sensitivity is described by the PRC, which can be used to predict the conditions for development of synchrony as well as the coupling intervals and the duration of the aggregate period (see ref. 26 for references). This general scheme allows us to speculate that factors such as ischemia or drug effects that are known to interfere with electrical coupling30 31 and synchronous firing in the sinus node24 2', 28 may lead to conditions in which a fairly large group of so-called subsidiary pacemaker cells near or within the sinus node become independent and give rise to a parasystolic focus. Such a focus, although protected from active discharges by the dominant pacemaker, would be capable of responding phasically to the modulating electrotonic influence from its surroundings. The returning cycle: reset vs modulation. It would be impossible to prove in this case the existence of two anatomically distinct sinoatrial pacemaker centers competing for the command of the heart beat. The electrocardiogram is a very inaccurate method of localizing the precise site of origin of a given discharge. Hence, our analysis must rely on indirect signs, conceptual models, and inferences to be able to lead us to a meaningful mechanistic diagnosis. In the present study, some of the signs supporting sinus parasystole-premature P waves indistinguishable from P waves belonging to the basic beats, variable coupling intervals-are circumstantial and very indirect indeed.
Yet certain inferences derived from early experimental work32 and from astute deductive electrocardiographic analysis 1 2, 6, 33`can be much more helpful in providing meaningful diagnostic clues. For example, ever since Engelmann's demonstration in the turtle heart,32 it has been known that when premature beats arise from the sinoatrial region, the so-called returning cycle (i.e., the cycle that immediately follows the extrasystole) is usually as long as or shorter than the basic cycle but never exceeds it. The mechanism assumed for the case in which the returning cycle equals the basic beat period is that the premature input finds the sinus pacemaker excitable, discharges it, and resets its activity to start a newly scheduled event."`Our computer-based analysis suggests that resetting can indeed occur when the premature impulse gains access to the dominant SN, pacemaker site through a surrounding area of readily excitable nonpacemaking tissue. Under these conditions, the response of the dominant pacemaker period should depend on the prematurity of the parasystolic input and on the recovery of excitability of the surrounding tissue. 12 Thus parasystolic discharges occurring early in the pacemaker period would exert very small or even negligible effects, whereas those occurring later would capture the pacemaker and reset its activity. The possibility that these conditions may indeed exist is suggested also by the experimental results of Boineau et al. 36 in the canine heart demonstrating a multicentric origin of the atrial depolarization wave. In those experiments, epicardial atrial depolarization was shown to begin at three widely separate locations, with a small and discrete pacemaker region in the upper margin of the superior vena cava-right atrial junction sometimes becoming dominant and phase-leading the sinus node. On the other hand, the possibility that a truly parasystolic pacemaker center may develop within the sinus node itself cannot be ruled out and is suggested by theoretical and experimental work.2>28 In either case, however, if there is any alteration (for example, ischemia) leading to electrical uncoupling and loss of synchrony between dominant and parasystolic pacemaker, the stage would be set for the devel-952 opment of coupled interactions and arrhythmic patterns such as those demonstrated in this article.
A slightly different but more challenging set of circumstances is found in those examples of sinus extrasystolic activity in which the returning cycle is briefer than the basic heart period. In the classic literature,' this phenomenon has been attributed somewhat loosely to a prolonged sinoatrial propagation of the premature beat. More recently, studies in isolated sinus node37 and Purkinje fiber38 preparations have suggested that such shortening might be the result of action potential abbreviation during the premature beat. On the other hand, very recent experimental studies24" 25. 28 as well as computer simulations27 indicate that there might be still another alternative explanation. Consider an imaginary case in which our two sinoatrial pacemaker centers (SN1 and SN2) with dissimilar intrinsic cycle lengths are separated from each other by an area of depressed conductivity, but with no excitable tissue interposed between them (figure 8, A). As in the case discussed above, the two pacemakers modulate each other's activity if the depressed area allows for sufficient electrotonic interaction. Furthermore, under the new set of rules, the respective biphasic PRCs will predict not only the extrasystolic patterns but also the duration of the resulting entrained period27' 28 as well as the duration of the returning cycle. Indeed, under these conditions the resulting basic rhythm will not be that of the fastest SN1 pacemaker but will depend on beat-tobeat phase-related interactions between the individual SN, and SN2 discharges.28
As illustrated diagrammatically in figure 8 , B, if the degree of coupling were relatively high (i.e., the respective PRCs are relatively "strong"), dynamic interactions would result in a 1:1 entrainment pattern at a constant basic period whose duration would be somewhere between the two intrinsic cycle lengths. If we were to allow SN, to be the "outflow tract" to the atrium, the overt rhythm in the electrocardiogram would be indistinguishable from a normal sinus rhythm. On the other hand, if, as shown in figure 8 , C, conditions were such that the degree of SN,-SN2 interaction is somewhat lower (i.e., PRCs are "weaker"), the resulting pattern would be more complex and could give rise to extrasystolic activity. Moreover, because of the repetitive delaying influences of SN2 discharges occurring early within most SN, periods, the basic entrained cycle length (measured at the outflow tract) would still be longer than the intrinsic SN, cycle length. However, since in this case phasic relations would change on a beat-to-beat basis, every fourth SN2 discharge should fall during the second half of the SN, CIRCULATION cycle and greatly abbreviate its duration. If we were to again permit SN1 to be the outflow tract to the atrium, such a phase-advancing influence would be manifest as a premature beat. Further, since during the subsequent SN1 period there would be no intervening SN2 discharges, the duration of that period would be briefer than the basic entrained cycle. Consequently, in the electrocardiogram, the overt returning cycle would also be briefer than the basic heart period. It remains to be determined whether this imaginary case of mutual entrainment is directly applicable to clinical examples on sinoatrial extrasystolic activity or whether the clas- . Mutual entrainment model to illustrate possible mechanism of abbreviated returning cycle in a hypothetical case of modulated sinus parasystole. A, Diagram of an endocardial view of the sinoatrial region with possible location of two pacemaker centers (SN1 and SN2) with dissimilar intrinsic periods (shown in msec on right side). The pacemakers interact electrotonically across an area of depressed excitability (shaded area) and perturb each other's period. SN1 has an outflow tract to the atrium (Atr.) via the crista terninalis (Cr.t.). B, SN1 and SN2 are relatively well coupled (i.e., their respective PRCs are "strong"); fixed phasic relations result in mutual entrainment at a cycle intermediate between the intrinsic SN1 and SN2 periods, and atrial activity is rhythmic (numbers indicate cycle duration in msec). C, SN1 and SN2 are poorly coupled (i.e., PRCs are "weak"); phase relations are variable and mutual interactions result in beat-to-beat changes in manifest pacemaker periods (changes are indicated by the black squares and triangle for SN1 and by the black dots for SN2). Consequently, atrial activation becomes somewhat arrhythmic during the basic beats (black squares) and there is a premature beat (triangle) reappearing after every fourth basic interval (pentageminy; not shown). Furthermore, since after the premature beat there are no intervening SN2 discharges that can perturb the subsequent SN1 period, the returning cycle (R) is briefer than the mean basic period. PRCs are expressed in arbitrary units. Perhaps direct intracardiac recording of sinoatrial activity will provide an answer. Nevertheless, the fact that our model of unidirectional entrainment/resetting does have a clinical counterpart in the case presented here suggests that the hypothesis points in the right direction.
